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6. The figure of the drawings to be published with the abstract Is Figure No. == 

| | as suggested by the applicant Q None of the figures. 

| | because the applicant failed to suggest a figure. 
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I. Basis f the r p rt 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office h 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 1 7).): 
Description, pages: 

1-9 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Claims, No.: 



1-25 



as originally filed 



Drawings, sheets: 



1/6-6/6 



as originally filed 
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□ the drawings, sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


6,7, 12, 13, 14, 17,20,21,24 




No: 


Claims 


1-5, 8,9,10,11,15,16,18,19,22,23,25 


Inventive step (IS) 


Yes: 


Claims 


6 




No: 


Claims 


1 -5, 7-25 


Industrial applicability (IA) 


Yes: 


Claims 


1-25 




No: 


Claims 





2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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PR ItemV 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1.1) Reference is made to the following documents: 
D1: Kidorui (1995), 26, 110-11 

D2: Japanese Journal Of Applied Physics. Tokyo (01-04-1993), 32(4A, PART 
02), L511-L513 

D3: Aust. J. Chem. (1994), 47(2), 365-84 

D4: US-A-5757026 

D5: Kidorui (1991), 18, 70-1 

D6: US-A-51 28587 

D7: US-A-5755999 

D8: WO-A-9802018 

D9: Science, (03-03-1995), 267(5202), 1332-1334 

1 .2) Claims 1 -5, 7-25 do not satisfy the criteria of Article 33(2) and (3) PCT. 

1 .3) Document D1 discloses an electroluminescent device comprising a Mg:Ag 
cathode, an aluminium trisquinoline electron-transporting layer, an emitting layer 
comprising the bluish green emitting Tb(acac) 3 (Phen) (regarding the colour of 
emitted light see paragraph 3.5 below), or an emitting layer comprising a mixture 
of this complex and a europium complex, a TPD hole-transporting layer and an 
ITO coated glass substrate, thereby disclosing the subject-matter of present 
claims 1, 2, 8, 9, 10, 11, 15, 16, 18, 19, 22, 23, 25. 

1.4) Dependent claims 7, 12, 13, 14, 17, 20, 21 and 24 do not contain any features 
which, in combination with the features of any claim to which they refer, meet the 
requirements of the PCT in respect of novelty or inventive step, the reasons being 
as follows: 

i)regarding claim 7 the use of polymeric matrices in the active layers of 
electroluminescent devices is well established in the art, see D8, page 27, lines 4 
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to 15. 

ii) regarding claims 12, 13 and 14 emitting layers comprising a mixture of hole- 
transporting and light-emitting materials are well known in the art, see D8, 
Example 1. The particular hole-transporting molecules of present claims 13 and 
14 are those most commonly used in the art, see D8, page 23, line 30 to page 27, 
line 2 and D1, Figure 1. 

iii) regarding claim 17, electroluminescent devices in which the emitting layer 
comprises a mixture of electron-transporting and light-emitting materials are well 
known in the art, see D6, Example 8. 

iv) regarding claims 20 and 21 the addition of fluorescent dyes to the emitting layer 
of electroluminescent devices to modify the colour of light emitted is well known in 
the art, see D7, column 7, lines 31 to 48. 

v) regarding claim 24 electroluminescent devices in which there are a plurality of 
layers of electroluminescent material are well known in the art, see D9, Figure 1. 

1 .4) D2 discloses a number of photoluminescent zinc complexes which emit in the blue 
or purplish blue spectrum, according to the CIE 1931 chromacity diagram, and 
their use in electroluminescent devices, these devices comprise a Mgln cathode, 
an emitting layer of the zinc complex, a TPD hole-transporting layer and an ITO 
anode, see D2, Table I and page L512, column 1, second paragraph. D2 thereby 
discloses the subject-matter of present claims 1 , 8, 9, 10, 11, 15, 22, 23. 

1 .5) D3 discloses the complexes Gd(terpyridine)CI 3 and Y(terpyridine)CI 3 , see D3 page 
367 and 368, structures numbered (vi) and (xv). These complexes correspond to 
examples 2 and 4 of the present application. D3 discloses the subject-matter of 
present claims 1 to 5. 

1 .6) D4 discloses the compound scandium (4-methoxy-picolylmethylketone) 
bis(acetylacetonate) which is described as having photoluminescence of 433nm, 
which is in the purple region according to the CIE 1931 chromacity diagram. D4 
discloses the subject-matter of present claims 1 and 2. 
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1 .7) D5 discloses a complex of europium and 15-crown-5 type ligands, the complex 
has blue photoluminescence. D5 discloses the subject-matter of present claims 1 , 
3 and 4. 

1 .8) The subject-matter of present claim 6 satisfies the criteria of Article 33(1 ), (2) and 
(3) PCT because such a molecule is not disclosed in or rendered obvious by the 
prior art. 

1 .9) The subject-matter of present claims 1-25 satisfy the criteria of Article 33(4) PCT 
having industrial application in the field of electroluminescent devices. 

2) Re Item VII 

Certain defects in the international application 

2.1) Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D1 to D9 is not mentioned in the description, nor are 
these documents identified therein. 

3) Re Item VIII 

Certain observations on the international application 

3.1) Independent claims 1 and 2 and their dependent claims 3 to 5 and 7 to 25 do not 
meet the requirements of Article 6 PCT in that the matter for which protection is 
sought is not clearly defined. The claims attempt to define the subject-matter in 
terms of the result to be achieved which merely amounts to a statement of the 
underlying problem, i.e. the claims attempt to define a class of complexes in terms 
of the colour of light which they emit when in fact the problem to be solved is to 
provide a class of compounds emitting light in these ranges. 

3.2) Claim 1 refers to an organic complex of a transition metal emitting in the blue or 
purplish blue spectrum, the description supplies only a single embodiment in 
which a transition metal is used, in this case a yttrium complex emitting greenish 
blue light. Claim 1 is therefore not supported by the description as required by 
Article 6 PCT, as its scope is broader than justified by the description. 
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3.3) The embodiment of the invention described on page 2, lines 16 to 20 does not fall 
within the scope of the claims. This embodiment refers to the proposed invention 
as providing an electroluminescent compound which comprises an organic 
complex of a transition metal, whereas claim 2, the only independent claim to refer 
to electroluminescent compounds, only mentions organic complexes of 
lanthanides and actinides. This inconsistency between the claims and the descrip- 
tion leads to doubt concerning the matter for which protection is sought, thereby 
rendering the claims unclear (Article 6 PCT). 

3.4) A number of the claims contain features which are not referred to in the 
description and are therefore not supported by the description, as required by 
Article 6 PCT. The claims concerned are as follows: 

i) claim 15, there is no support in the description for an electroluminescent device 
in which there is a metal anode in direct contact with the electroluminescent 
material. 

ii) claims 18 and 19 in so far as they refer to electroluminescent devices 
comprising oxadiazoles, there is no support in the description for an 
electroluminescent device having an electron injecting material comprising an 
oxadiazole. 

iii) claim 24, there is no support in the description for an electroluminescent device 
in which there are a plurality of layers of electroluminescent material. 

iv) claim 25, there is no support in the description for an electroluminescent device 
in which the electroluminescent material is formed of two or more different 
electroluminescent compounds. 

3.5) The embodiments of the invention described as examples 2 and 3 do not fall 
within the scope of the claims. Since claim 1 only refers to photoluminescent 
compounds emitting light in the blue or purplish blue spectrum whereas example 2 
has greenish blue photoluminescence and example 3 has white 
photoluminescence. This inconsistency between the claims and the description 
leads to doubt concerning the matter for which protection is sought, thereby 
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rendering the claims unclear (Article 6 PCT). This lack of clarity leads to the 
conclusion that the term blue in claims 1 and 2 should be interpreted in its 
broadest sense, with the result that the complexes and devices of D1 , which emit 
bluish green light, must be considered to fall within the scope of independent 
claims 1 and 2 and the dependent claims outlined in paragraph 1 .3 above. 

3.6) The dependency of claims 12 to 14 on claim 8 and the dependency of claim 16 on 
claim 15 renders their subject-matter and that of the claims as a whole unclear. 
Claim 8 refers to an electroluminescent compound being deposited on a 
transparent substrate and claim 1 5 refers to a metal anode in contact with an 
electroluminescent material. Contray to these limitations claims 12 to 14 and claim 
16 then describe other layers as being inserted between the electroluminescent 
layer and the layer it is deposited on/in contact with. This is contrary to the 
requirement of Rule 6.4(a) and (b) PCT and gives rise to a lack of clarity of the 
claims as a whole, Article 6 PCT. 

3.7) The dependency of claim 12 on claim 1 1 renders the subject-matter of said claims 
and the claims as a whole unclear contrary to Article 6 PCT. Claim 12 refers to an 
electroluminescent device comprising a mixture of hole-transporting material and 
electroluminescent material in the emitting-layer, it is dependent on claim 1 1 
which refers to an electroluminescent device having separate hole-transporting 
and emitting layers. It is not clear whether the device of claim 12 comprises both a 
hole-transporting layer and a layer containing a mixture of light-emitting 
compound and hole-transporting compound or a single layer comprising a mixture 
of light-emitting compound and hole-transporting compound. 

3.8) The unit torr employed in on page 8 is not additionally expressed in terms of the 
units stipulated by Rule 10.1(a) PCT. 

3.9) Since it is clear from D1 and D2 that blue electroluminescence has been produced 
in the prior art the statement on page 2, lines 29 and 30 that "hitherto it has not 
been possible to produce blue light by means of electroluminescence" gives rise 
to a lack of clarity of the claims when interpreted in the light of the description, 
Article 6 PCT. 
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ELECTROLUMINESCENT MATERIALS 



The present invention relates to electroluminescent materials and to devices 
5 incorporating them. 

Materials which emit light when an electric current is passed through them are well 
known and used in a wide range of display applications. Liquid crystal devices and 
devices which are based on inorganic semiconductor systems are widely used, 
10 however these suffer from the disadvantages of high energy consumption, high cost 
of manufacture, low quantum- efficiency and the inability to make flat panel displays, 
reflectance problems, i.e. low visibility in bright conditions and a narrow viewing 
angle e.g. +/- 45° 

15 Organic polymers have been proposed as useful in electroluminescent devices, but it 
is not possible to obtain pure colours, they are expensive to make and have a 
relatively low efficiency. 

Another compound which has been proposed is aluminium quinolate. but this 
20 requires dopants to be used to obtain a range of colours and has a relatively low 
efficiency. 

In an article in Chemistry letters pp 657-660, 1990 Kido et al disclosed that a terbium 
(III) acetyl acetonate complex was green electroluminescent and in an article in 
25 Applied Physics letters 65 (17) 24 October 1994 Kido et al disclosed that a europium 
(III) triphenylene diamine complexes was red electroluminescent but these were 
unstable in atmospheric conditions and difficult to produce as films. 
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The complexes disclosed in these articles had a relatively low photoluminescent 
efficiency and were only able to produce green or red light and other colours could 
not be produced. 

5 We have now discovered photoluminescent and electroluminescent compounds and 
materials which emit blue and purplish blue light. 

According to the invention there is provided an photoluminescent compound which 
comprises an organic complex of a transition metal, lanthanide or an actinide and an 
10 organic ligand which photoluminescent compound emits light in the blue or purplish 
blue spectrum. 

It has surprisingly been found that it is possible by choice of the metal and the organic 
ligand to form a complex which, when an electric current is applied across it will 
15 emit blue or purplish blue light. 

The invention also provides an electroluminescent compound which comprises an 
organic complex of a transition metal, a lanthanide or an actinide and an organic 
ligand which electroluminescent compound emits light in the blue or purplish blue 
20 spectrum when an electric current is passed through it. 

The colour of light is subjective and colours can be defined by co-ordinates on a two 
dimensional chart in which colours are areas on the chart and in the present invention 
the blue and purplish blue spectrum is defined as the area bounded by the co- 
25 ordinates in the colour chart CIE 1931 a copy of which is shown in Fig. 1. The 
complexes of the invention enable light within the co-ordinates (0, 0) (0, 0.3) (0.3 ; 0) 
to be produced. 



30 



Light in the blue region of the spectrum is difficult to produce and hitherto it has not 
been possible to produce blue light by means of electroluminescence. 
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The preferred metals are thorium (IV), yttrium (III), gadolinium (III), europium (II) : 
terbium(IV), cerium(IV) and cerium (III). A mixture of metals can be used to form 
mixed chelates. 

The preferred ligands are 




or 

where R' is the same or different at different parts of the molecule and each R" and 
R' is a substituted or unsubstituted aromatic or heterocyclic ring structure or a 
hydrocarbyl or a fluorocarbon or R" is fluorine or hydrogen or R" is copolymerised 
with a monomer e.g. or R' is t-butyl and R" hydrogen. 

Preferably each of R, R", and R' is an alkyl group preferably a -C(CH3) group, 

Preferred complexes are TMHD (Tris(2,2,6,6-tetramethyl-3 ? 5-heptanedionato) ? 
a', a", a'" tripyridyl, bathophen (4,7-diphenyl-l,l-phenanthroline), crown ethers 
and cryptans. 
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Particularly preferred complexes are the thorium bathophen, yttrium tripyridyl and 
TMHD, and europium TMHD complexes. 

A novel complex with strong photoluminescent and electroluminescent properties is 
5 Eu(II)(TMHD)2 complex which is stable in air. It would have been expected that such 
a Eu(II) complex would have been unstable in the presence of oxygen and it is 
surprising that this complex is air stable. 

The complexes of the present invention can be used to form electroluminescent 
10 devices. 

The electroluminescent devices of the invention comprise a transparent substrate 
which is a conductive glass or plastic material which acts as the anode, preferred 
substrates are conductive glasses such as indium tin oxide coated glass, but any glass 

15 which is conductive or has a conductive layer can be used. Conductive polymers and 
conductive polymer coated glass or plastics materials can also be used as the 
substrate. The electroluminescent material can be deposited on the substrate directly 
by evaporation from a solution of the material in an organic solvent. The solvent 
which is used will depend on the material for example alcohols such as ethanol. 

20 ketones such as acetone and methyl acetylacetonate, and chlorinated hydrocarbons 
such as dichloromethane are suitable in many cases. 

Alternatively the material can be deposited by spin coating or by vacuum deposition 
from the solid state e.g. by sputtering or any other conventional method can be used. 

25 

In one embodiment of the invention there is a hole transporting layer deposited on the 
transparent substrate and the electroluminescent material is deposited on the hole 
transporting layer. The hole transporting layer serves to transport; holes and to block 
the electrons, thus preventing electrons from moving into the electrode without 
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recombining with holes. The recombination of carriers therefore mainly takes place 
in the emitter layer. 

Hole transporting layers are used in polymer electroluminescent, devices and any of 
5 the known hole transporting materials in film form can be used. 

The hole transporting layer can be made of a film of an aromatic amine complex such 
as poly(vinylcarbazole), NJvFniiphenyl-NjN'-bis (3-methylphenyl)-l,r-biphenyl -4,4'- 
diamine (TPD), polyaniline etc. 

10 

Optionally dyes such as fluorescent laser dyes, luminescent laser dyes etc. can be 
included to modify the colour spectrum of the emitted light. 

Preferably the electroluminescent material is mixed with an inert polymeric material 
15 such as a polyolefin e.g. polyethylene, polypropylene etc. and preferably polystyrene. 
Preferred amounts of the electroluminescent material in the mixture is from 95% to 
5% by weight of active material and more preferably 25 to 20% by weight. 

The hole transporting compound can optionally be mixed with the electroluminescent 
20 material in a ratio of 5-95% of the electroluminescent material to 95 to 5% of the hole 
transporting compound. In another embodiment of the invention there is a layer of an 
electron injecting material between the cathode and the electroluminescent material 
layer, this electron injecting material is preferably a metal complex such as a metal 
quinolate e.g. an aluminium quinolate which will transport electrons when an electric 
25 current is passed through it. Alternatively the electron injecting material can be 
mixed with the electroluminescent material and co-deposited with it. 

In a preferred structure there is a substrate formed of a transparent conductive 
30 material which is the anode on which is successively deposited a hole transportation 
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layer, the electroluminescent material layer and an electron injection layer which is 
connected to the anode. The anode can be any low work function metal e.g. 
aluminium, calcium, lithium, silver/magnesium alloys etc., 

5 

The preparation of compounds of the invention are shown in the examples 
Example 1 

10 

Mono(bathophenanthroline)thorium(IV)chloride. Thorium(IV)chloride (5 mmol. 
1.87 g) was dissolved in ethanol/water mixture (2:1 v/v) (75 ml) at 50'C. 
Bathophenanthroline (5 mmol, 1.66 g) was dissolved in a mixture of 
ethanol/dichloromethane (2:1 v/v) (75 ml) and added portionwise to the solution of 
15 the thorium salt. The mixture was reduced on a hotplate at 100°C over one hour. The 
precipitate was filtered to give an off-white solid which was washed with diethylether 
(2 x 25 ml) and dried in vacuo to yield the product (1 .9 g). 

Example 2 

20 

Mono(a', a", a'"tripypyridyl)yttrium(III) chloride. Yttrium(III) chloride (2 mmol. 
0.61 g) was dissolved in ethanol (100 ml) and a', a", a'" tripyridyl (2 mmol, 0.47 
g) was added. The reaction mixture was warmed for 60 minutes at 50°C and the 
solvents removed. The residue was washed with diethylether (2x25 ml) and dried in 
25 vacuo to give the product (0.80g). 



Example 3 
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Tris(2,2,6 ? 6-tetramethyl-3,5-heptanedionato)yttrium(III) mono(a' ,a' ' ,a' ' 'tripyridyl). 
The tris-chelate (1 mmol. 0.64 g) was dissolved in ethanol (100 ml) and 
a', a", a' "tripyridyl (1 mmol, 0.23g) was added. The reaction mixture was wanned 
for 60 minutes at 50°C and the solvents removed. The residue was washed with 
5 diethylether (2x25 ml) and dried in vacuo to give the product (0.50 g). Yield 57%. 

Example 4 

Mono(a\ a", a' ' 'tripyridyl)gadolinium(III) chloride. Gadolinium(III) chloride 
10 (0.37 g, 1 mmol) was dissolved in ethanol (150 ml) and a', a", a" '-tripyridyl (0.23 
g, 1 mmol) was added. The reaction mixture was heated under reflux for 1 hour and 
the solvent removed in vacuo to give the gadolinium adduct (Yield 0.50 g). 

Example 5 

15 

Bis(2,2,6 ? 6-tetramethyl-3,5-heptanedionato)europium(II). The reaction was carried 
out under anhydrous conditions using dried glassware under dry nitrogen and using 
acetyl nitrile freshly distilled over phosphorus pentoxide. Europium(II) chloride (1.0 
g, 5 mmol) was placed in a 250 ml three-neck round-bottom flask fitted with a 

20 condenser, two dropping funnels and nitrogen bubbler. Deoxygenated solution of the 
diketone (1.84 gms 10 mmol) in acetyl nitrile (50 ml) was placed in the first dropping 
funnel and deoxygenated acetyl nitrile (150 ml) was placed in the second dropping 
funnel. Both funnels were under nitrogen and fitted with nitrogen balloons. Acetyl 
nitrile was allowed to run into the flask and the mixture stirred at 50°C (oil bath) until 

25 dissolution. The diketone solution was then added to the flask and the 
reaction mixture refluxed for one hour and allowed to cool under nitrogen overnight. 
The dry diethylether and dried in vacuo at 60°C. (Yield 0.82 g). The filtrate was 
dried to give pale yellow tris(2,2,6 5 6-tetramethyl-3,5-heptaneionato)europium(II). 
(Yield 0.90 g). 
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Electroluminescent devices were fabricated and tested. 
I. Device Fabrication 

5 

An ITO coated glass piece (1 x 1cm 2 cut from large sheets purchased from Balzers. 
Switzerland) had a portion etched out with concentrated hydrochloric acid to remove 
the ITO and was cleaned and placed on a spin coater (CPS 10 BM, Semitec. 
Germany) and spun at 2000 rpm for 30 seconds, during which time the solution of the 
10 electroluminescent compound was dropped onto it dropwise by a pipette. 

Alternatively the electroluminescent compound was vacuum evaporated onto the ITO 
coated glass piece by placing the substrate in a vacuum coater and evaporating the 
electroluminescent compound at I0" 5 to I0* 6 torr onto the substrate. 

15 

The organic coating on the portion which had been etched with, the concentrated 
hydrochloric acid was wiped with a cotton bud. 

The coated electrodes were stored in a vacuum desiccator over calcium sulphate until 
20 they were loaded into a vacuum coater (Edwards, 10" 6 torr) and aluminium top 
contacts made. The active area of the LED's was 0.08 cm2 by 0.1 cm 2 the devices 
were then kept in a vacuum desiccator until the electroluminescence studies were 
performed. 

25 The ITO electrode was always connected to the positive terminal. The current vs. 
voltage studies were carried out on a computer controlled Keithly 2400 source 
meter. 
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Electroluminescence spectra were recorded by means of a computer controlled charge 
coupled device on Insta Spec photodiode array system model 77II2 (Oriel Co.. 
Surrey, England) 

2. Photo luminescence Measurements 

Photoluminescence was excited using 325mn line of Liconix 4207 NB, He/Cd laser. 
The laser power incident at the sample (OJmWcm' 2 ) was measured by a Liconix 
55PM laser power meter. The radiance calibration was carried out using Bentham 
radiance standard (Bentham SRS8, Lamp current 4,0O0A 5 calibrated by National 
Physical laboratories, England. The PL studies were carried out on samples or films. 
The Complexes of the examples were tested and the results shown in the Table and 
the Spectra attached as Figs. 2 to 6 



Table 



Example 


PL% 


kmax/nm 


cm 


Colour 








X 


y 




1 


1.0 


450 


0.17 


0.15 


Purple 


2 


6.0 


410,520 


0.21 


0.32 


Greenish Blue 


3 


0.03 


460 


0.21 


0.29 


White 


4 


16 


320,450 






Purple 


5 


0.9 


420 


0.18 


0.05 


Purple 
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Claims 

5 1. A photoluminescent compound which comprises an organic complex of a 
transition metal, a lanthanide or an actinide and an organic ligand which 
photoluminescent compound emits light in the blue or purplish blue spectrum. 

2. An electroluminescent compound which comprises an organic complex of a 
10 lanthanide or an actinide and an organic ligand which electroluminescent compound 

emits light in the blue or purplish blue spectrum when an electric current is passed 
through it. 

3. A compound as claimed in claim I or 2 which comprises a complex of thorium 
15 (IV), yttrium (III), gadolinium (III), europium (II), terbium(IV), cerium(IV) and 

cerium (III) or a mixture of one or more of these. 

4. A compound as claimed in claim 1, 2 or 3 in which the ligand is selected from 




20 or 

where R' maybe the same or different at different parts of the molecule and each of 
R" and R 1 is a substituted or unsubstituted aromatic or heterocyclic ring structure or a 
hydrocarbyl or a fluorocarbon or R" is fluorine or hydrogen or R" is copolymerised 
25 with a monomer or is an alkyl group preferably a -C(CH3) group, or is selected from 
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TMHD, a,' a", a'" tripyridyl, bathophen (4,7-diphenyl-I,I0-phenanthroline), crown 
ethers and cryptans. 

5. A compound as claimed in claim 4 in which the ligand is selected from thorium 
(IV) bathophen, yttrium (III) tripyridyl and yttrium (III) TMHD, and europium (II) 
TMHD complexes. 

6. Eu(II)(TMHD) 2 . 

7. A composition which comprises an inert polymer and from 5% to 95% by weight 
of an electroluminescent compound as claimed in any one of the preceding claims. 

8. An electroluminescent device which comprises a transparent substrate on which is 
deposited an electroluminescent compound as claimed in any one of the preceding 
claims. 

9. An electroluminescent device as claimed in claim 8 in which the transparent 
substrate comprises a conductive glass or plastic material which acts as the anode. 

10. An electroluminescent device as claimed in claim 9 in which the transparent 
substrate comprises an indium tin oxide coated glass. 

11. An electroluminescent device as claimed in any one of claims 8 to 10 in which 
there is a hole transporting layer deposited on the transparent substrate and the 
electroluminescent material is deposited on the hole transporting layer. 

12. An electroluminescent device as claimed in claim 11 in which there is a hole 
transporting material mixed with the electroluminescent material in a ratio of 5 to 
95% of the electroluminescent material to 95 to 5% of the hole transporting 
compound. 
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13. An electroluminescent device as claimed in claim 12 in which the hole 
transporting layer is an aromatic amine complex. 

5 14. An electroluminescent device as claimed in claim 13 in which the hole 
transporting layer is poly(vinylcarbazole), N,N'-diphenyl-N,N'-bis (3-methylphenyl) 
-1,1' -biphenyl -4,4'-diamine (TPD) or polyaniline. 

15. An electroluminescent device as claimed in any one of claims 8 to 14 in which 
10 there is a metal anode in contact with the electroluminescent material. 

16. An electroluminescent device as claimed in any one of claims 8 to 15 in which 
there is a layer of an electron injecting material between the cathode and the 
electroluminescent material layer 

15 

1 7. An electroluminescent device as claimed in any one of claims 8 to 1 6 in which an 
electron injecting material is mixed with the electroluminescent material and co- 
deposited with it. 

20 18. An electroluminescent device as claimed in claim 16 or 17 in which the electron 
injecting material is a metal complex or oxadiazole or an oxadiazole derivative. 

19. An electroluminescent device as claimed in claim 18 in which the electron 
injecting material is an aluminium quinolate or 2-(4-biphenyl)-5-(4-tert-butylphenyl)- 

25 1,3,4 oxadiazole. 

20. An electroluminescent device as claimed in any one of claims 8 to 19 in which 
there is a dye incorporated in the electroluminescent layer. 



30 21. An electroluminescent device as claimed in 20 in which the dye is a fluorescent 
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laser dye or an electroluminescent laser dye. 

22. An electroluminescent device as claimed in any one of the preceding claims 8 to 
20 in which the anode is a metal. 

5 

23. An electroluminescent device as claimed in claim 22 in which the anode is a 
aluminium, magnesium, lithium, calcium or a magnesium silver alloy. 

24. An electroluminescent device as claimed in any one of the preceding claims in 
10 which there are a plurality of layers of electroluminescent material. 

25. An electroluminescent device as claimed in any one of the preceding claims in 
which the layer of electroluminescent material is formed of two or more different 
electroluminescent compounds. 

15 
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